The sowing date is the crop management practice with higher interference on soybean grain yield, although this interference is dependent on the genotype by environment interaction. This study was carried out to evaluate how soybean genotypes behave at different sowing times in a subtropical environment. We evaluated the grain yield, yield components, plant morphology and grain oil and protein content of four soybean cultivars (FPS Urano RR, BMX Apolo RR, BMX Energia RR and BRS 284) at three sowing dates (early, mid, and late sowing in 2010/2011 season) in Mid-South of Parana State, Brazil. Early cultivars at late sowing may have problems with mechanical harvest. The number of pods and grains differed among cultivars, and the cultivar "BRS 284" showed the best results. As an exception, the cultivar "BRS 284" showed yield stability among sowing dates. Higher amount of grain protein content occurs in middle and late sowing dates. The grain yield decreased with delay of sowing due to the reduction of the grains mass and in Southern Brazil is very important to assure high mass of seed to obtain high grain yields.
Introduction
The sowing date is possibly the main and less expensive crop management, which impacts the soybean grain yield (Popp et al., 2002; Robinson et al., 2009) . In soybean crop, early sowing can increase grain yield (Wilcox & Frankenberger, 1987) or not change it (Grau et al., 1994) . For indeterminate growth habit cultivars, early sowing result in higher number of nodes per plant (Wilcox & Frankenberger, 1987) , as well as higher number of pods and grains (Perdersen & Lauer, 2004) . Early sowings can also contribute to extend the grain filling period (Bastidas et al., 2008) , and therefore increase the grain yield if grain filling rate is not changed.
Late sowings can reduce grain yield due to various factors, such as: (1) low temperatures during the grain filling which can reduce the pod set and the growth of formed grains (Thomas & Raper, 1978; Gibson & Mullen, 1996) ; (2) reduction of vegetative period due to high temperatures at initial plant development that can cause low plant growth and consequently lower number of leaves and viable nodes per area (Board & Harville, 1996; Ball et al., reproductive development, and when are long the flowering period, the pods formation period and the grain filling period (Bastidas et al., 2008) . The amount of oil and proteins of soybean grains can also vary according to environment (Bianculli et al., 2016) , and genotype (Jin et al., 2010; Rincker et al., 2014) .
All factors cited can suffer high or low interference of the environment, and the grain yield of the soybean crop is the result of the interaction between genotype and environment (Liu & Herbert, 2000) . According to Lin and Binns (1994) , the characteristic of a cultivar that has low variation in grain yield along various cropping years, in different environments is named stability, which can assure a high security to the grain yield. Grain yield stability is a desirable characteristic when cropping seasons coincide with climate prediction not favorable to crop cultivation. On the other hand, it is interesting to the growers to choose a cultivar with high yield potential (Metz et al., 1982) , being this practice used for most soybean growers in South Brazil region.
Therefore, it is important to know the behavior of the yield components of different cultivars submitted to different sowing dates, becoming possible to plan and provide an optimized environment of development to determined cultivar, or even, to select cultivars that present more stable yield in years with less favorable climatic forecast. This study evaluated the plant morphology, grain yield and its components and the amount of oil and proteins of soybean grains of four soybean cultivars sowed at three dates in subtropical enviroment.
Method

Experimental Site Descriptions
Field experiment was carried out during growing season 2010/2011 in Guarapuava, situated in the subtropical zone of the Parana State (Maack, 2002), Brazil, (25º23′S, 51º29′W, altitude 1,026 masl.) . The climate of the region, according to classification of Köppen, is temperate of altitude (Cfb).
The soil of the experimental area is classified as Oxisol (Pott et al., 2007) , and the chemical characterization (0-20 cm) of the area, realized three months before the first sowing, revealed pH (CaCl 2 ) of 5.2; 42 g dm -3 of organic matter, levels of 3.98 cmol c dm -3 of Ca; 2.04 cmol c dm -3 of Mg; 0.18 cmol c dm -3 of K; 0.0 cmol c dm -3 of Al and 6 mg dm -3 of P, with cation exchange capacity (pH 7.0) of 9.73 cmol c dm -3 and base saturation of 62%. All micro nutrients presented adequate levels and in the last four years the soil was cultivated with corn silage in the summer and oat as cover crop in winter.
Climatic Conditions
The climatic conditions in Guarapuava during the 2010/2011 cropping season, in general, was similar to the 10 years average. Figure 1a shows that the average temperatures during the cropping season did not differ sharply from the historical average, with exception of October, when the temperature was almost 2 ºC lower than the 10 years average. The precipitation (Figure 1b) was also similar to the 10 years average, with high variation from the average only in December and January. The total solar radiation was higher than the 10 years average in October and November (Figure 1c 
Statistical Procedure
The results were submitted to normality and variance homogeneity tests as well as an analysis of variance (ANOVA) by the F-test at 5% probability. When the null hypothesis was rejected, Tukey's test at p ≤ 0.05 was performed for comparison of the means of treatments.
Results
Bottom Pod Height, Number of Pods, Seeds and Seed Mass per Node
It was found interaction between the sowing dates and cultivars in relation to bottom pod height (Table 1) . For all cultivars the bottom pod height decreased with delaying the sowing date. The cultivars BMX Apolo RR and BMX Energia RR showed higher decrease in bottom pod height with sowing delay than the other cultivars.
Interaction between sowing date and cultivar occurred in number of pods per node (Table 1) . Higher values were for cultivar BRS 284, especially on plants sowed in October. The cultivar BRS 284 sowed in November and December resulted in plants with lower number of pods per node. For others cultivars the number of pods per node did not varied with the sowing date.
There was no interacation between the treatments to number of seeds per node and there was no difference among sowing dates; there was difference just among cultivars (Table 1) . Cultivars FPS Urano RR, BMX Apolo RR and BMX Energia RR showed lower number of seeds per node compared to BRS 284. This pattern was also observed for mass of the seeds per node (Table 1) . It was noted that the higher the number of seeds per node, the higher the seed mass per node. It was observed a decrease in the seed mass per node with sowing delay. 
Note.
1 Uppercase letters compare averages within lines, and lowercase in columns. Averages followed by same letter do not differ statistically by Tukey test at 5% of probability.
Number of Nodes on the Main Stem, on the Branches, Total and Number of the Branches
The number of nodes on the main stem showed difference just among sowing dates, decreasing with the sowing delay. However, the number of nodes on branches and total number of nodes differed only among the cultivars, and it was not affected by sowing dates. The cultivar BMX Energia RR showed the highest number of branches and number of nodes on the branches. Cultivar BRS 284 produced lower total number of nodes due to its lower number of branches (Table 2) . 
Note.
Number of Pods per Area, Seeds per Pod, Seed Yield and Mass of 100 Seeds
The number of pods and seeds per pod did not presented interaction between the sowing dates and cultivars. For these two yield components, it was verified difference only among cultivars (Table 3 ). The interaction between the treatments was observed for mass of 100 seeds and final seed yield.
It was observed that cultivar BRS 284 and FPS Urano RR showed the highest number of pods (Table 4 ). For number of seeds per pod the cultivar FPS Urano RR had the lowest values. Note. 1 Uppercase letters compare averages within lines, and lowercase in columns. Averages followed by same letter do not differ statistically by Tukey test with 5% of probability.
It was noted that in plants sowed in October, the cultivar BMX Energia RR obtained the highest seed yield among cultivars, with approximately 30% more seed yield than cultivar BRS 284 (Figure 2a ). In addition, seed yield had a high significant decrease with sowing delay for cultivars FPS Urano RR, BMX Apolo RR and BMX Energia RR, and for cultivar BRS 284, dates of sowing had no effect on final seed yield.
The mass of 100 seeds showed a sharp decrease with the delay on sowing date for cultivars FPS Urano RR, BMX Apolo RR and BMX Energia RR (Figure 2b ). On the other hand, for cultivar BRS 284, the date of sowing had low effect on the mass of 100 seeds. However, cultivar BRS 284 sowed in October or November, presented lower mass of 100 seeds than other cultivars, and just when sowed in December, the mass of 100 seeds was equivalent to other cultivars, because the other cultivars decreased their 100 seed mass. 
Oil and Protein Content
The oil content in the seeds increased with the sowing delay ( Table 5 ). The oil content also varied among cultivars, but the range of variation was small, in which the cultivar BRS 284 had the higher content, not differing from cultivar BMX Energia.
The protein content presents interaction among sowing dates and cultivars (Table 5) . In early sowing, the cultivar BMX Energia had lower protein content than when sowed in November and December. The cultivar BRS 284 had the highest protein content when sowed in November. The proteion content of other cultivars did not differed among sowing dates. 
Note.
1 Uppercase letters compare averages within lines, and lowercase in columns. Averages followed by same letter do not differ statistically by Tukey test with 5% of probability.
Discussion
The cultivars BMX Apolo RR and BMX Energia RR belong to maturity group 5.5 and 5.0, respectively, whereas FPS Urano RR and BRS 284 belong to maturity group 6.2 and 6.5, respectively. Therefore, it is clear that earlier cultivars result in shorter plants (Table 1) . There is positive correlation between bottom pod height and plant height (Ludwing et al., 2010) , and low heights of the first pod insertion, below 10 cm are detrimental to mechanized harvest (Motta et al., 2000) . Therefore, in December sowing, the cultivar BMX Apolo RR, and mainly the cultivar BMX Energia RR, as well as others cultivars of maturity group 5.0-5.5, can have problems in mechanized harvest because of their low height of the first pod insertion. This problem can be partially solved by increasing plant density to stimulate a larger development of the plants height and consequently a higher height of the first pod insertion (Martins et al., 1999) .
The fact of the cultivar BRS 284 decrease the number of pods per node with sowing delay (Table 1) can be due to flowers and pods abortion. The abortion is lower when there is larger amount of available photoassimilates, as there were in the plants sowed in October. Even with decrease of pods per node with sowing delay, the cultivar BRS 284 had the higher number of pods per node than other cultivars. In addition, the pod set can be also dependent of other factors and it is possible that the high number of pods per node be a characteristic of this cultivar (Bruening & Egli, 2000) .
The higher number of seeds per node was also of cultivar BRS 284 (Table 1) , It was partly due to high number of pods per node of this cultivar.This cultivar also had the higher seed mass (Table 1) , and it's because of the higher amount of seeds per node that this cultivar presented, and not because the mass of 100 seeds (Figure 2b) . In this way, we can conclude that flower fixation of this cultivar is better than other cultivars.
The number of nodes on the main stem is greater with the longer is the photoperiod (Câmara et al., 1997; Kantolic & Slafer, 2007) . This affirmation explains the results of this study, which the plants sowed in October and November, had longer photoperiod during their growth, and more nodes at main steam. The number of nodes, according to Kantolic and Slafer (2007) , increased when plants were submitted for additional two hours of photoperiod during nine consecutive days between R5 and R6 growth stages. This finding supports the results of the present study as plants sowed in October and November had longer photoperiod at reproductive stages (data not shown) compared to plants sowed in December (Table 2 ).
The number of nodes on main stem and on branches are important parameters for explain the number of pods. According to Egli and Bruening (2006) , the number of aborted pods is on average 15% higher on branches than on main stem. Therefore, we can speculate that the cultivar BRS 284 presented higher number of pods per nodes (Table 1) because this cultivar had few number of branches and number of nodes on branches, and partially compensated with high number of nodes on the main stem (Table 2 ). On the other hand, cultivar BRS 284 had the lowest total number of nodes (Table 2 ). This fact provided the BRS 284 with more pods per area, however just 10% more than cultivars BMX Energia and BMX Apolo.
The interaction between the sowing dates and cultivars for seed yield was mainly due to mass of 100 seeds ( Table 3) . The mass of 100 seeds also present interaction between sowing dates and cultivar. There are not significant interactions between sowing dates and cultivars for number of pods per area and number of seeds per pod, despite these two characteristics differed among cultivars.
Cultivars that had high yield had high number of pods and seeds per area (Pedersen & Lauer, 2004; Jin et al., 2010) . This result corroborates with our study for the cultivar BRS 284 sowed in December, but not for the other sowing dates, and not for other cultivars (Table 4 ).
According to Egli and Yu (1991) there is also a linear positive correlation between the crop growth rate between R 1 -R 5 growth stages with the number of seeds. In the present study, during the R 1 -R 5 growth stage, the cultivar BRS 284 presented the higher crop growth rate (data not shown), and probably because of this fact produced higher number of seeds per area. Pedersen and Lauer (2004) did not verify interaction between sowing date and cultivars for number of pods per area and seeds per pod, as well as in our study. Robinson et al. (2009) , in a study with sowing dates and cultivars, found important correlation between yield and number of pods according to date of sowing, where late sowing decreased the number of pods for all cultivars, reflecting negatively in seed yield. In the conditions of this study, late sowing did not reduced the number of pods per area.
The higher yield of cultivar BMX Energia RR in October sowing (Figure 2a ), can be due to its greater seed filling rate, maintaining this rate constant across sowing dates (data not shown). Therefore, the higher seed yield of this cultivar when sowed in October was due to its high number of days filling the seed. The number of days of seed filling have a positive correlation with yield (Bastidas et al., 2008) .
According to Kumudini et al. (2001) , new cultivars of early maturity group, presented heavier seeds, but the same number of seeds, when compared with the old cultivars of the same maturity group, and attributed this fact to larger number of days and seed filling rate. The authors cited that the new cultivars of late maturity group, presented higher number of seeds per area when compared with old cultivars, but the specific mass of seeds was not different. In the present study, the cultivar BMX Energia RR is the earlier maturity cultivar group and had greater specific mass of seeds, and the cultivar BRS 284 is the later maturity cultivar group and had higher number of seeds per area.
The seed mass decrease in detriment to increase of vegetative plant growth when it were submitted to light periods of 1:30 hours superior than normal photoperiod, at seed filling period (Kantolic & Slafer, 2005) . However, in the present study, the plants sowed in October had 45 minutes more of photoperiod than plants sowed in December, at seed filling period but this did not result in reduction on seed mass (Figure 2b ). The longer photoperiod probably occasioned the higher number of days of seed filling period on plants sowed in October compared to later sowing (Han et al., 2006) . Calviño et al. (2003) cited that the short duration of the period of seed filling can reduce the seed mass, and this statement is supported by the results of the present study for the cultivars FPS Urano RR, BMX Apolo RR and BMX Energia RR.
High correlation between the seed yield and the seeds mass was verified. High seed yield are achieved by cultivars able to translocate high amounts of photoassimilates for the seeds, and this occurs at early sowings. However, the cultivars able to have heavy seeds and achieved high seed yields at early sowings (mainly the cultivar BMX Energia RR), had sharp decrease in its seed yields already in November sowing, suggesting the use of the cultivar BRS 284 which showed constant specific mass of seeds and seed yield, and despite of low yield ceiling, is an interesting option for late sowings in Southern Brazil.
Differently from other cultivars, the cultivar BRS 284 maintained constant its seed yield (Figure 2a) and its mass of 100 seeds (Figure 2b) . Therefore, for all cultivars which have variation on mass of 100 seeds with sowing delay, the sowing in October, allowed higher accumulation of seeds mass, and consequently, high seed yields. Pedersen and Lauer (2004) also found positive correlation between the seed mass and seed yield in soybean.
In study realized in New York State, Cox et al. (2008) agree with the present study: the largest yields were from early sowings, suffering reduction with sowing delay. However, for the authors, the seed yield increase was due to higher number of seeds, and the mass of 100 seeds did not change with date of sowing, averaging 19.3 g 100 seeds -1 .
In relation to interaction between sowing date and cultivar, Rao et al. (2002) cited that different environments influenced mass of 100 seeds, but, the genotypes had more influence. De Bruin and Pedersen (2008) verified in their study, one determined growth habit cultivar that practically did not alter its mass of 100 seeds, at different sowing dates or plant spacing, similarly to cultivar BRS 284 in this study, showing the importance of genotype stability. Therefore, cultivars which have light mass of seeds are not recommended in early sowings because it may restrict the final seed yield in Southern Brazil.
Heavier seeds are produced at upper fourth nodes at main stem of plants, or at branches regions close to main stem. This fact occurs because the upper portion of the plant intercept solar radiation of better quality and has higher photosynthesis rate (Illipronti Jr. et al., 2000) . The cultivar BRS 284 have plenty vegetative development, which could have decreased the light in the middle and low of its canopy Protein content is more dependent on genotype than environmental condition (Benzain & Lane, 1986; Albrecht et al., 2008) . However, we observed that the middle sowing resulted in more protein (Table 5 ). The temperature in a range of approximately 25 to 30 °C in grain filling period, increases protein content of the grain (Song et al., 2016; Zuil et al., 2012) . In southern of Brazil, this temperature in the grain filling occurs in soybean sowed in November, and this sowing date can provide more quality of soybean grains.
Conclusion
In Southern Brazil is very important to assure high mass of seed to obtain high seed yields in soybean crop and the cultivar BMX Energia RR is a good option for early sowing, while cultivar BRS 284 is a good option for late sowing. The November sowing provides grains with higher protein quality. Early cultivars at late sowing may have problems with mechanical harvest.
